Q-S1 = Q-S2 -S-S2 ICT = S,-S -LVET (5) The S1-S2 interval is the time from the onset of the first heart sound to the aortic closure sound ( fig. 1 ).
The various components of the left ventricular systolic ejection time obtained in the patients under study were compared to regression lines corrected for heart rate determined from analysis of data of 35 hospitalized patients without heart disease. The control population was composed of both sexes and varied in age from 28 to 81 years. Regression equations for the measured and derived intervals were as follows: SD Q-S2 = 0.49 sec -0.0017 x heart rate ±0.017 LVET = 0.38 sec -0.0013 x heart rate +0.019 PEP = 0.11 sec -0.0003 x heart rate ±0.015 Q-S1 = 0.061 sec -0.0001 x heart rate ±0.012 ICT = 0.052 sec -0.0002 x heart rate +0.015
Except where indicated otherwise, all data presented in this report are expressed as percent deviation from the control regression line at the observed heart rate. This was calculated from the ratio of the observed to the predicted value for the given heart rate.
Serial determinations have been performed on 100 patients admitted to The New York Hospital Cardiac Care Unit. All patients studied were in sinus rhythm. None had valvular heart disease or complete left bundle-branch block. The hematocrit was greater than 35% in all. The average interval from the onset of symptoms resulting in The observed changes in systolic ejection time measurements are small. In order for these measurements to be meaningful they should be reliable and reproducible. The reliability of the initial measurements made was tested by reanalyzing 17 recordings picked at random from our files. The correlation coefficient between the first and second measurements was 0.96. The reproducibility was tested by performing serial measurements for 5 days on four chronically hospitalized tuberculosis patients. There were no significant differences in the day to day measurements in these patients.
Results
Clinical Characteristics Table 1 outlines the clinical characteristics of the patients studied. There were 73 men with a mean age of 63 years and 27 women with a mean age of 66 years. The incidence of heart failure was higher in group I than in group II. The history of previous infarction was twice as great in group I B as in group I A. In both subgroups with definite infarction, a diapbragmatic location was more common than an anterior location.
Systolic Ejection Times
The duration of total electrical-mechanical systoles, the Q-S2 interval, is reduced in Mean Q-S2 for first 5 fig. 7) .
Components of Pre-ejection Period
The PEP may be divided into two parts as determined from indirect external recordings. The interval from beginning of electrical activation of the ventricles to the onset of the first heart sound ( Q-S1) encompasses both electromechanical delay and the portion of ventricular contraction from onset to atrioventricular valve closure. Q-S1 is prolonged in myocardial infarction, although the differences between the mean of group I and group II were statistically significant only on the first and fifth days of study (P<0.02) ( fig. 8) . Prolongation of Q-S1 was greater in patients with transmural than in those with nontransmural infarction ( fig. 9) .
The second component of PEP is measured from the onset of the first heart sound to the onset of the carotid pulse rise and encompasses the so-called isovolumic contraction time (ICT). In patients with myocardial infarction ICT is prolonged ( fig. 10 ). The degree of prolongation is greater in patients with transmural as compared to those with nontransmural infarction (fig. 11) . Thus, prolongation of PEP in acute myocardial infarction is due to a lengthening of both Comparison of mean Q-S1 in group 1, myocardial infarction, and group II, no infarction patients. 
Prognosis and Ejection Time
To determine whether changes in ejection time could be related to prognosis, PEP and LVET in seven patients with transmural infarction who died were compared to the values obtained in the 31 transmural infarction survivors. Mean PEP in the patients who died was longer than in the survivors throughout all 5 days of the study (fig. 12 ). The differences between the means were statistically significant on the first (P < 0.05) and the second (P < 0.02) days. LVET in the patients who died was shorter than that of survivors ( fig. 13) , and the differences were significant on the second (P < 0.05) and third (P < 0.05) days. Thus, although there The influence of heart failure on systolic ejection times was evaluated in patients with and without myocardial infarction. Although PEP tended to be prolonged in patients with heart failure compared to those without failure in all three groups, the differences among the means were not significant. Similarly the differences in mean LVET in patients with and without heart failure in groups I and II were not significant.
Heart failure was associated with a shortening of mean patients who evidenced failure. Mean LVET was significantly shorter in the patients with failure on the first (P < 0.01), third (P < 0.02), fourth (P < 0.05) and fifty (P < 0.05) days after admission to the hospital.
Discussion
In the present study we have demonstrated that left ventricular performance assessed by indirect measurement of the components of left ventricular systolic ejection time (LVSET) is impaired in acute myocardial infarction. Furthermore, it seems that this impairment is related to the extent of myocardial damage as judged from the electrocardiogram. In myocardial infarction total electromechanical systole (Q-S2) is shortened, PEP and its components Q-S1 and ICT are lengthened, and LVET is reduced. Patients with transmural infarction had measurements that were more abnormal than those of patients with nontransmural infarction. The least deviation from normal was exhibited by those patients who had no documented infarction, although many of Circulation, Volume XLII, October 1970 them did have coronary artery disease as evidenced by the 44% incidence of previous myocardial infarction in this group.
Weissler and associates24 have demonstrated that indirect LVSET intervals are abnormal in patients with congestive heart failure. They have also shown a close correlation between LVET and cardiac index and stroke index in these patients. 3 Experimental and clinical studies have demonstrated that the rate at which ventricular pressure rises (dp/dt) may be utilized as a measure of contractility, provided that the circulatory variables of preload, afterload, and heart rate are controlled.12-14 Dp/dt is reduced when ventricular function is depressed by ischemia and increased when ventricular function is enhanced by positive inotropic agents.15 16 The prolonged ICT in patients with acute myocardial infarction is almost certainly a reflection of reduced dp/dt. Although both components of PEP, the Q-S1 and ICT, are prolonged in myocardial infarction, the greatest contribution to the lengthening of PEP in these patients comes from the prolonged ICT. It can be said then, that a lengthening of PEP is a reflection of a decrease in myocardial contractility. The results of the present study suggest, therefore, that acute myocardial infarction is associated with a reduced myocardial contractile state and that the degree of depressed contractility is greater in transmural than in nontransmural infarction.
Our data demonstrate that LVET is shortened in patients with acute myocardial infarction. Patients with transmural injury have the shortest intervals. LVET has been shown to correlate well with stroke volume index.3 4 '1 Heart rate, preload and afterload, and the state of myocardial contractility will affect stroke volume and hence the duration of left ventricular ejection time. The influence of heart rate on LVET was accounted for by comparing the measured values to a ratecorrected regression line. Hypertension was not a significant factor in the patients studied, and return flow to the left heart was not impaired because of reduced volume or mechanical obstruction. The incidence of papillary muscle dysfunction giving rise to mitral incompetency was not significant. We conclude that the state of myocardial contractility must have been a major factor determining stroke volume and, therefore, LVET 18, 19 From our data it is reasonable to assume that patients with transmural infarction have a greater derangement of left ventricular contractility and therefore a smaller stroke volume and shorter LVET than do those with nontransmural infarction.
Toutouzas and co-workers9 reported that the Q-S2 interval is shortened in acute myocardial infarction. Our own data support and extend this observation. We also noted a shorter Q-S2 in patients with transmural compared to those with nontransmural infarction. The Q-S2 interval is comprised of the PEP and LVET. Our data demonstrate that LVET shortens while PEP lengthens in acute myocardial infarction. The shortening of Q-S., in acute infarction results from a proportionately greater decrease of LVET than increase in PEP.
The observation that the PEP of the seven patients with transmural infarction who died tended to be longer, and that their LVET was shorter than the corresponding measurements of the survivors, suggests the possibility of applying these measurements toward a prognostic evaluation of the patient. The observation is sufficiently provocative to encourage wider clinical evaluation of the indirect measurements of left ventricular performance.
In recent years, partly because of more aggressive diagnostic and clinical attitudes, the dynamic process in ischemic heart disease that spans the spectrum from angina pectoris to acute myocardial infarction has been extensively documented. Coronary angiography, myocardial metabolic studies, and ventricular cannulation have shown marked alteration of function, which has been related to the extent of coronary artery disease."' 18, 20, 21 Although providing valuable insight into the natural history of disease, many of these procedures are difficult to apply to the acutely ill patient. Critical evaluation of these diagnostic maneuvers often requires serial meaCirculation, Volume XLII, October 1970 surements under difficult conditions. The present report, based on indirect methods, has demonstrated significant abnormalities in left ventricular function in patients with acute myocardial infarction. We have shown that the degree of abnormality is greater in patients with transmural, and presumably more extensive infarction, when compared to those with nontransmural damage. These abnormalities may have prognostic significance. The technics utilized in the present study may have wide application in evaluating cardiac function, the effects of treatment, and prognosis.
